Data from AIDS surveillance systems in the World Health Organization European region (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001) were analysed to describe the main epidemiological aspects of recurrent bacterial pneumonia (RBP) as AIDS-defining illness (ADI) in Europe. Among the 153 756 AIDS cases analysed, 5796 (3 . 8%) had RBP. The proportion of RBP was higher (8 . 3%) in eastern than in western Europe (3 . 6 %), possibly because of a greater propensity of certain countries to diagnose RBP. In western Europe, the proportion of RBP as ADI appeared to increase over time up to 1998 (from 2 . 5% to 4 . 5 %), and declined thereafter (3 . 3 % in 2001). RBP was strongly associated with intravenous drug use (odds ratio 3 . 0, 95 % CI 2 . 7-3 . 3), whereas it did not differ in age groups or geographical areas. The study findings confirm the crucial role of intravenous drug use in the occurrence of RBP and suggest that highly active antiretroviral therapies might have had a postponing impact on the relative frequency of RBP as ADI.
INTRODUCTION
Recurrent bacterial pneumonia (RBP) is a complication of HIV infection included among AIDSdefining illnesses (ADI) in 1993 [1] . Since then, few epidemiological studies have specifically focused on the frequency and determinants of AIDS-associated RBP [2] [3] [4] [5] . Moreover, information is scanty and inconsistent as regards the impact of highly active antiretroviral therapies (HAART), employed for the treatment of HIV-infected persons, on the occurrence of RBP as ADI [5] [6] [7] . To describe temporal patterns, frequency and main epidemiological characteristics of AIDS-associated RBP, we conducted a statistical analysis of European AIDS surveillance data.
METHODS
The 30 June 2002 update of the European Non Aggregate AIDS Data Set (ENAADS) was analysed [8] . ENAADS contains anonymous information for each individual case of AIDS fulfilling the 1993 European AIDS-Surveillance Case Definition [1] . AIDS cases were recorded by the national surveillance systems of 37 countries from the World Health Organisation (WHO) European region, which registered at least one case of AIDS since the beginning of the epidemic. Data were collected by EuroHIV (the European Centre for the Epidemiological Monitoring of AIDS, St Maurice, France), according to a standard core of epidemiological information that included : country of report, gender, age and year at AIDS diagnosis ; HIV transmission category ; and up to four ADI diagnosed within 4 months from the first AIDS-defining disease [8] . Detailed information on ENAADS has already been provided [9] .
In this analysis, the study group consisted of adult and adolescent AIDS cases (i.e. o13 years old), diagnosed between January 1993, when RBP was included among ADI, and December 2001 (AIDS cases diagnosed between January and June 2002 were not included in the present analysis to limit the effect of incomplete notification and reporting delay). A case was considered affected by RBP if this condition was listed in one of the four diagnostic indicators recorded at the time of AIDS diagnosis, and each AIDS case was subsequently classified according to the presence or absence of RBP among ADI. The association between selected characteristics (i.e. country of origin, HIV transmission category, gender, age, and year at AIDS diagnosis) and the presence of RBP at AIDS diagnosis was assessed by means of odds ratios (OR) and 95 % confidence intervals (CI). Multiple logistic regression (MLR) equations were fitted [10] , including terms for age, gender, HIV transmission category, geographic area of western Europe and year at AIDS diagnosis (1993 and 1994 were grouped together, to limit potential under-reporting of RBP due to the introduction of the revised classification of AIDS). To allow for potential extra-binomial variation due to heterogeneity of data, the standard error of the point estimate was computed by means of the Huber/ White/sandwich estimator of variance-covariance matrix [11] using the STATA software package [12] .
RESULTS
Between 1993 and 2001, 153 756 adult/adolescents were reported with AIDS in the WHO European region : RBP was one of the ADI in 5796 of these cases (3 . 8%) ( Table 1 ). The proportion of cases with RBP was markedly higher in eastern (8 . 3 %) than in western Europe (3 . 6%), (OR 3 . 4). However, in eastern Europe, the vast majority (69 %) of RBP cases was concentrated in a single country, namely Ukraine. When Ukraine was excluded from the analysis, there was no longer evidence of a statistically significant higher frequency of RBP in eastern Europe, compared to northern Europe (OR 1 . 7, 95% CI 0 . 6-4 . 9) (data not shown in tables). Within western countries, RBP as ADI was slightly more common in southern than in northern Europe (OR 1 . 6, 95 % CI 1 . 04-2 . 54) ( Table 1) .
Because of the small number of AIDS notifications and of the wide heterogeneity in the frequency of RBP recorded within eastern European countries, the analysis of potential determinants of RBP as ADI was restricted to the 147 071 AIDS cases from western Europe ( Table 2) .
By multivariate analysis, the OR of having RBP as ADI was higher among women (MLR-OR 1 . 3), whereas it did not differ across age groups or geographical areas of western Europe. The mode of HIV infection acquisition turned out to be the most important determinant of RBP. In comparison with heterosexuals, intravenous drug users (IDUs) had a threefold higher risk of RBP (MLR-OR 3 . 0), whereas the lowest probability of having RBP as ADI (MLR-OR 0 . 7) was registered in men who have sex with men (MSM) ( Table 2 ). Over time, the frequency of RBP seemed to increase between 1993/1994 (2 . 5%) and 1998 (4 . 5 %) and to decrease thereafter, but the wide 95 % CIs of the MLR-OR estimates did not allow a precise assessment of time trends (Table 2) .
To take into account such main effect, risk factors for RBP were also separately analysed in the different HIV transmission categories (data not shown in tables). The lack of association between age, geographic area and the risk of RBP as ADI persisted in all categories apart from recipients of blood or of blood derivatives (where an inverse association with age was found). The excess risk noted among the totality of women was clearly seen among IDUs (MLR-OR 1 . 4, lower 95 % CI 1 . 2) but it was of borderline statistical significance in heterosexuals (MLR-OR 1 . 2, lower 95% CI 1 . 0). On the contrary, it did not emerge in recipients of blood transfusions or of blood derivatives (MLR-OR 0 . 7, upper 95 % CI 1 . 1). drug use was identified as the main determinant of AIDS-associated RBP, while the use of HAART seemed to have had a postponing impact on the relative frequency of RBP as ADI. Although, in this analysis, the interpretation of time trends was limited by overlapping 95% CI, the relative frequency of AIDS cases with RBP appeared to increase up to 1998, a calendar year in which, in industrialized countries, the downward trend in opportunistic infections (OIs) became evident among persons with HIV infection [13, 14] . Consistent with this finding, longitudinal data from a London clinic collected early after the introduction of HAART showed that the incidence of bacterial pneumonia in HIV-infected patients declined at a lower rate, as compared to other OIs [6] . One possible explanation for this contrasting pattern may reside in the fact that RBP, unlike Pneumocystis carinii pneumoniae (PCP) or toxoplasmosis, although more frequent in individuals with less than 200 CD4 cells/mm, can occur in patients with higher CD4+ cell counts [3] . In fact, the dramatic change observed since 1996 in the natural history of HIV disease is, at least in part, secondary to a rise in the CD4+ cell count observed in many patients who received adequate therapy. Moreover, the introduction of HAART could be associated with a reduction in the use of preventive drugs (such as trimethoprim-sulphamethoxazole and macrolides), which are active against many of the microorganisms responsible for bacterial pneumonia. The present analysis suggested that, in recent years (i.e. 1999-2001), the proportion of RBP cases declined towards the level observed in the pre-HAART era. Theoretically, this finding could have been, at least partially, influenced by time trends of community-acquired bacterial pneumonia in the general population of these western European countries. However, we are not aware of comparable data required to assess the potential impact of such trends on the frequency of AIDS-associated RBP. Another likely explanation for the RBP time pattern observed among AIDS cases in western Europe is represented by the increasing proportion of persons unaware of having HIV infection who are diagnosed with AIDS [15, 16] and who cannot benefit from HAART and prophylaxis against OIs [5, 17] . Our findings, thus, reinforce the need for a wider offer of HIV voluntary testing and counselling in order to reach the significant number of persons unaware of their HIV status, particularly patients requiring care for illnesses often associated with HIV infection, like bacterial pneumonia [18] . Moreover, OIs occur more frequently in HIV-infected patients who are non-responders to HAART, and several findings in the last few years are suggesting an increasing number of AIDS cases attributable to HIV treatment failures [17] .
The strong relationship between AIDS-associated RBP and use of intravenous drugs observed in this study has been already established [2] [3] [4] . Since it was not feasible to identify potential effect modifiers among the evaluated risk factors for RBP, we tried to highlight the role of each of them separately in IDUs and in the other HIV transmission categories. We are aware that this approach substantially reduces the statistical power of tests of association, and that it increases the false-negative error rate. Bearing in mind such methodological drawbacks, our analysis confirmed a lack of association between age, broad geographic areas of western Europe and the presence of RBP as ADI, while the above-mentioned time trends were particularly marked among IDUs.
Moreover, the apparent increased frequency of RBP in southern Europe, compared to northern Europe, probably reflects the predominance of cases attributable to the use of intravenous drugs in such countries [8] . Although data from eastern European countries were excluded from the analysis of determinants of AIDS-associated RBP, in eastern Europe the frequency of RBP among IDUs (15 . 2 %) was significantly higher (P<0 . 001, x 2 test) than among non-IDU AIDS cases (4 . 9 %) (data not shown in tables). Overall, these results further stressed the strong association between use of intravenous drugs and RBP.
Others have already observed that women with HIV infection and AIDS are more likely to be diagnosed [19] or to die [20] with RBP than men. In this study, we confirmed such higher risk and we observed that the excess risk was concentrated in IDU women, who had a 40 % higher risk of RBP than IDU men. This indication (i.e. that the use of intravenous drugs is a strong determinant of RBP, particularly in women) is in accordance with longitudinal data from an Italian study conducted among HIV-positive and HIV-negative IDUs showing that women IDUs had a 1 . 4-fold higher risk of community-acquired pneumonia than men irrespective of HIV antibody status (Boschini A, et al., personal communication). We have no plausible explanation for this association, but its consistency across different data sources and study designs warrants further investigation.
At univariate analysis, AIDS cases diagnosed in eastern Europe showed a significantly higher proportion of RBP than those diagnosed in western Europe, with a marked heterogeneity within eastern European countries. We are not aware of previous studies of AIDS-associated RBP in eastern Europe, and the interpretation of such a pattern remains uncertain. The most likely explanation for this is that certain eastern European countries had a greater propensity to diagnose RBP, e.g. Ukraine, where 14 % of cases had RBP as ADI and these RBP represented 69 % of all RBP diagnosed in eastern European countries. In fact, after the exclusion of Ukraine from the analysis, there was no statistically significant difference in the frequency of RBP between eastern Europe and western Europe.
In addition to limitations specific for RBP, such as the one mentioned above, AIDS surveillance data have methodological drawbacks that should be taken into account. For instance, different degrees of completeness of the national AIDS surveillance system across European countries are well known and have been discussed in previously [9, 21] , although it is unlikely that they have differentially affected the association between RBP as ADI and the variables under investigation.
In conclusion, this statistical analysis of European AIDS surveillance data showed that RBP constitute a common ADI, and it confirmed that use of intravenous drugs is, by far, the most important determinant of its occurrence. The unchanged importance of RBP as ADI over time underscores the need to identify HIV-infected persons, particularly IDUs, as early as possible, to provide them with comprehensive care, and to concentrate efforts to improve adherence to antiretroviral therapies as a means to reduce the occurrence of RBP. Finally, literature data still provides conflicting results in support of the administration of pneumococcal vaccine in HIV-positive patients [22] . The possible role of available or of newly developed vaccines against pneumococcal diseases in reducing the incidence of RBP in HIVinfected persons needs further studies.
